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Spermatophore morphology and spermatozoal ultrastructure of
the recently described hermit crab, Strigopagurus boreonotus
Forest, 1995 (Decapoda, Anomura, Diogenidae)

by Christopher C. TUDGE

Abstract, — The and of the diogenid hermit crab,
Strigopagurus boreonotus, is described and compau,d with that of previously investigated diogenid genera. The
spermatophotes show similaritics with those described for the gencra Calcinus and Dardanns. The spermatozoa

have an overall which is of in the genus Chbananus, above all, the
genus Calcmas, while still retaining a particular suite of sp h 50 far unigue to Strigop
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décrit, Forest, 1995 (Decapoda, Anomura, Diogenidae)

Résumé, — La morphologe du spermatophore et Iulirastructure du spermatozode du bemard Phermite

Di i sont décrites et comp: avec celles des autres genres de Diogenidae

éudlés Le montre des i & avec ceux décrits dans les genres Calcinns el

Dardanus. Le spermatozoide a une morphologie générale qui rappelle les espices du genre Clibanarius et surtoul

du genre Calcinus, 1out ¢n montrant un ensemble onginal de caractéres spermatologiques trouvés jusqu'ici seu-
lement chez Strigopagurus.
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INTRODUCTION

The family Di idae ts 2 mor Ily diverse taxon currently encompassing
eighteen genera. Although comprised of a heterogencous assemblage of genera the family is
considered to be an ancient mcnophyleuc group (FOREST 1995), Genera are often characterised

bya ination of morphol but each can vary among the other mem-
bers of the family Smgle genenc ﬂpcmm‘phles are rare, This lack of good generic apomorphies
has made eluci ionships between the different genera in the Dioge-

nidae very difficult (FOREST 1984, 1995) and has led FOREST to state “..qu'il est difficile
d'éclaircir la phylogénie des Diogenidae et de préciser les liens de parenté entre des genres si
disparaies.” (FOREST 1995; 28),
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This diversity of adult morphologlcal form in the Diogenidae is meflected in the equally
diverse of such as (MOUCHET 1930, 1931,
HAMON 1939; MATTHEWS 1953, 1956 1957, TUZET & MANIER 1961; UMA & SUBRAMONIAM
1984; TUDGE 1991, 1995a) and spermatozoa (KOLTZOFF 1906, NATH 1942; DHILLON 1964, 1968;
JAMIESON 1991; TUDGE 1992; TUDGE & JUSTINE 1994; TUDGE 1995a, b). With the increasing
use of transmission electron microscopy to study the ultrastructural characters of spermatophores

and within the Di idae (and the A in general) some doubt has been cast
on the monophyly of the family (TUDGE 1991, 1992, 1995a, b).

The present study describes and i the and ultrastructure
from the holotype specimen of the diogenid Strigop: b and it with the

ultrastructure of previously studied species in other diogenid genera.

MATERIAL AND METHODS

The i of Strigopagurus b Forest, 1995 was collected by Dr B, Richer de
Forges during the Bathus 2 cruise off the west coast of New Caledonia (22°46’S — 167°14’E),
south-west Pacific in May 1993, Tt was collected at station number 718 at a depth of 430-436 m.
This specimen is now the designated holotype (MNHN-Pg S181).

The male reproductive material (testes and the ducts of the vasa deferentia) was removed
from the single male specimen and fixed in cold glutaraldehyde for a minimum of two hours
at 4°C then posted to Brisbane (Queensland, Australia) at ambient temperature where the
remainder of the fixation and embedding process was carried out,

For light mi y, gl ldehyde-fixed sper were viewed under an Olympus
BH2 Nomarski interference contrast microscope. Micrographs were taken on an attached Olympus
OM-2 camera,

TRANSMISSION ELECTRON MICROSCOPY

The gonad tissue of Strigop b was in the Zoology Departmem
The University of Queensland, by the standard fixation p d lined below) for
sion electron microscopy. This was carried out in 4 Lynx-cl, Microscopy Tissue Processor, after
the initial glutaraldehyde fixation and first phosphate buffer wash.

Portions of the testis (approximately 1 mm®) were fixed in 3% glutaraldehyde in 0.2 M
phosphate buffer (pH 7.2), with 1-3% sucrose added, for a minimum of one hour at 4 °C. They
were washed in phosphate buffer (3 washes in 15 min), postfixed in phosphate buffered 1%
osmium tetroxide for 80 min; similarly washed in buffer and dehydrated through ascending con-
centrations of ethanol (40-100%). After being infiltrated and embedded in Spurr’s epoxy resin,
thin sections (50-80 nm thick) were cut on a LKB 2128 UM 1V microtome with a diamond
knife. Sections were placed on carbon-stabilized colloidin-coated 200 pm mesh copper grids and
stained (according to DADDOW 1986) in Reynold’s lead citrate for 30 s, rinsed in distilled water,
then 6% aqueous uranyl acetate for 1 min, Reynold’s lead citrate again for 30 s and a final rinse
in distilled water. Micrographs were taken on an Hitachi H-300 transmission electron microscope
at BOkV,
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RESULTS

SPERMATOPHORE MORPHOLOGY

The pedunculate spermatophores of Strigopagurus boreonoius are composed of an ovoid to
spherical, sperm-filled ampulla (220 pm long X 170 pm wide) attached to a long, relatively thick
stalk (Fig. 1). The spermatophores are large, being approximately 850 pm in length.

FG. 1. — Strigapagurus borconots (Diogenidac). Semidia-
grammatic represcatation of a spermatophore. Traced
from a light mictograph. Scale bar as shown.

SPERMATOZOAL MORPHOLOGY

The spermatozoa are composed of a spherical acrosome vesicle capped by a convexly domed
operculum and penetrated posteriorly by an extensive perforatorial chamber. The acrosome vesicle
has a length of 5.3 pm and is 4.5 um wide. Posterior to the vesicle is the lasmi
region with three microtubular arms and, more posteriad, the nucleus. The entire sperm cell is
approximately 10 im in length (refer to Figs 2, 3 throughout),

ACROSOME

The apical or anterior pole of the acrosome vesicle of Sirigopagurus boreonotus is covered
by a high domed, electron-d P (Fig. 3A, D). j to, and filling the inside
of, the domed operculum is a coarsely granular, h lar zone. The

lar zone extends posteriorly to meet the perforatorial chamber and laterally to abut on the inner
and outer acrosome zones (Fig. 3A). Along this boundary a thin, electron-lucent area containing
small electron-dense granules occurs. Thinly enveloping the anterior end of the perforatorial
chamber is the inner zone. This h finely granular zone forms an

Source : MNHN, Paris
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electron-dense ring which extends no further posteriad than the widest point of the perforatorial
chamber (Fig. 3A, E). External to the inner acrosome zone, and comprising the bulk of the acro-
some vesicle, is the outer acrosome zone, This zone is similar in form to the inner acrosome
zone but less electron-d . The outer zone is prevented from reaching the exterior
acrosome membrane by the intervention of a thin, moderately electron-dense zone which lies
beneath the acrosome membrane, the peripheral acrosome zone (Fig, 3A, E, F), This peripheral
zone has a slightly irregular appearance (pale lacunae in a darker matrix) and extends from the
operculum to the basal opening of the perforatorial chamber.

The invaginated perforatorial chamber is spherical, about 3 um at its widest point and
occupies a large portion of the centre of the sperm cell (Fig. 3A, E, F). It has a constricted
basal opening and the anteriormost (apical) region can vary in form, giving the appearance of
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some asymmelry. Posteriorly, the walls of the perforatorial chamber produce short, microvillar
projections which extend laterally into the chamber (Fig. 3A, E). The contents of the perforatorial
chamber is divisible into two areas of differing form and the more posterior region appears
continuous with the cytoplasm in the region of the constricted opening. The posteriormost portion
is coarsely granular, heterogeneous and can appear almost reticulate. This region changes ante-
riorly to give a more homogeneous, finely granular zone. The boundary between the two areas
is approximately at the midpoint of the perforatorial chamber (Fig. 3A).

CYTOPLASMIC REGION

The cytoplasm forms a thick collar around the posterior part of the acrosome vesicle, al-
though a thin layer also occurs beneath the vesicle. Abundam membranes and membrane systems
associated with numerous cristate mi dria are a part of the cytop! (Fig. 3A,
C, F). A single, concentrically arranged, membraneous whorl or lamellar scroll is apparent in
many of the spermatozoa (Fig. 3A, C). Bundles of microtubules representing the bases of the
three microtubular arms pass through the cytoplasm and a pair of centrioles is seen in the cy-
toplasm directly below the constricted opening of the perforatorial chamber (Fig. 3B). A disrupted
nuclear membrane forms a discontinuous partition between the two regions.

NUCLEAR MATERIAL

The nucleus is amorphous, but mamlams an appmxlmalely globular shape with a crenulated
extemnal surface, and is surrounded by a pl The contents of
the nucleus are finely granular, relatively homogencous and electron-pale (Fig. 3A).

DISCUSSION

The spermatophore morphology described for Strigopagurus boreonotus is consistent with
the pedunculate spermatophore type common in, and perhaps diagnostic of, the Anomura (TUDGE
1995a). This pedunculate spermatophore morphology is a tripartite arrangement with a sperm-
filled ampulla connected to a pedestal or basal plate via a stalk.

Within the Di idae the sper has been recorded from twenty-two
species in eight genera (sce list of references in the Introduction) and from these representatives
the morphology of the spermatophore of Strigopagurus boreonotus (Fig. 1) appears most similar
to the genera Calcinus and Dardanus, and especially that described for Dardanus megistos
(TUDGE 1991, 1995a); except that the spermatophore of S. boreonotus is nearly six times larger.
The i of size of sp as a reliable distinguishing character in the Anomura
is undcrmmed by the fact that spermatophore size is proportional to the diameter of the vas
deferens of the reproductive tract which is in turn proportional to the size of the individual
specimen, Despite this fact, the size of the spermatophore in S. boreonotus (850 pm) more closely
approximates the range of sizes recorded for representatives of the genus Dardanus (160-
3500 ) than those recorded for the genus Calcinus (150-180 pm) (TUDGE 1991, 1995a). The

Source : MNHIN, Paris
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spermatophore morphology of S. boreonotus is unlike any morphology recorded for other
paguroids (outside the Diogenidae) or even other anomurans (TUDGE 1991, 1995a).

The spermatozoa of Strigopagurus boreonotus conform to a general paguroid sperm type
characterised by a concentrically zoned acrosome vesicle, apically capped by an electron-dense
operculum,; the acrosome vesicle shape may vary from spherical, through ovoid, to more elongate
and cylindrical; the acrosome vesicle is penetrated from its posterior end by a perforatorial cham-
ber, which may terminate pre-equatorially or extend to a subterminal position immediately
beneath the op the vesicle is d in the cytop! andfor nucleus and,
most importantly, there are three microtubular arms (of cytoplasmic origin) which emerge from
the cytoplasm below the acrosome vesicle (POCHON-MASSON 1968a, b, CHEVAILLIER 1970;
HINSCH 1980; JAMIESON 1991; TUDGE & JAMIESON, 1991; TUDGE 1992, 1995a, b).

In size and shape the spermatozoa of Strigopagurus boreonotus are similar to investigated
representatives in the genera Calcinus and Clibanarius; although many ultrastructural differences
are apparent (JAMIESON 1991; TUDGE 1992, 1995a, b). The position of the thin inner acrosome
zone on the anterior region of the perforatorial chamber in S. boreonotus (Figs 2, 3A, E) is similar
in Caicinus mnuius and the bulbous, almost spherical perforatorial chamber with small micro-
villar projections (Figs 2, 3A, E, F) is approximated by all three investigated species in the
genus Calcinus (TUDGE 1995a, b). The tendency for the anterior wall of the perforatorial chamber
in S. boreonotus to be irregular (Figs 2, 3A) may indicate links to the investigated Calcinus
species in which this region of the perforatorial chamber divaricates to form two or more distinct
fingers or lobes (TUDGE 1995a, b). This latter character’s presence is an autapomorphy for lhe
genus Calcinus. There is no dense perforatorial ring, an phy of the invest
Clibanarius species, seen in the spermatozoa of S. boreonotus. Some (apomorphic?) structures
of the acrosome vesicle present in the sperm of S. boreonotus which have not been seen in other
investigated diogenids are the extreme width and bulbous shape of the peirforatorial chamber,
the electron-lucent, granular region forming the boundary between the perforatorial chamber and
subopercular zone and the loculated appearance of the peripheral acrosome zone (Figs 2, 3A,
E, F).

The spermatozoa of Strigopagurus boreonotus have a distinct ultrastructural morphology
which distinguishes this species from the other investi d genera in the Di idae. Some
overall similarities to investigated members in the genus Clibanarius and also representatives
in the genus Calcinus are apparent. A preliminary phylogenetic analysis based on spermatozoal
and spermatophore characters (analysis in progress, results available upon request) consistently
placed Strigopagurus boreonotus in the same clade with, and between, the genera Calcinus and
Clibanarius (TUDGE 1995a). At present, only six of the eighteen genera in the Diogenidae have
been investigated for spermatophore and spermatozoal morphology. With future research into
the ining genera, sper and sper | ultrastructural morphology may further
assist in the elucidation of inter-generic relationships within the family Diogenidae.
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